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ABSTRACT 

We consider the physical conditions and origin of the z = 0.0777 absorption system 
observed in Cm, Cli, Sim, Civ, Ovi, and Hi absorption along the line of sight to- 
wards the quasar PHL 1811. We analysed the iJST/STIS and FUSE spectra of this 
quasar and compared the results to Cloudy photoionization and collisional ionization 
models in order to derive densities, temperatures, and metallicities of the absorbing 
gas. The absorption can be explained by two Cm clouds, offset by 35 km s" 1 in veloc- 
ity, with metallicities of ^one-tenth the solar value. One cloud has a density of order 
1.2t°'5 x 10~ 3 cm" 3 (thickness 0.4to'?> kpc) and produces the observed Cn and 



n H 

Sim absorption, while the other has a density of order uh = 1-2 



+0.9 
-0.5 



x 10~ 



(thickness 8O+4Q kpc) and gives rise to the observed weak Civ absorption. Cloud 

temperatures are ~ 14, OOOt 3 ^ K and - 34, K for photoionized models. Al- 

though collisionally ionized clouds with T ~ 70, 000 K are possible, they are less likely 
because of the short cooling time-scales involved. Previous studies revealed no lumi- 
nous galaxy at the absorber's redshift, so it is probably related to tidal debris, ejected 
material, a dwarf galaxy, or other halo material in a galaxy group. Our models also 
indicate that one of the two clouds would produce detectable weak Mgii absorption if 
spectral coverage of that transition existed. We predict what the system would look 
like at z <~ 1 when the ionizing background radiation was more intense. We find that at 
z ~ 1 the denser component resembles a Civ absorber. The second Cm cloud in this 
z = 0.0777 absorber may be analogous to a subset of the more diffuse Ovi absorbers 
at higher redshift. 

Key words: intergalactic medium - quasars: absorption lines 



1 INTRODUCTION 



Quasar absorption lines are an important tracer of the gas 
in and around galaxies, and in the intergalactic medium 
(IGM). Many important diagnostic lines lie in the far- 
ultraviolet, however, so that studies of low redshift absorbers 
require such observations. The Space Telescope Imaging 
Spectrograph (STIS) on the Hubble Space Teles cope and the 
Far Ultraviolet Spectroscopic Explorer (FUSE) (Moo s et al.l 
2000) have provided high resolution UV spectra along many 
lines of sight, covering multiple transitions for many low red- 
shift absorption systems. Having access to transitions with a 
range of ionization states allows us to study gas with a wide 
range of densities (~ 10" 5 -100 cm 3 ) in order to probe a 
large fraction of the volume of the universe. 

On the high density end of the scale, the damped Lya 
absorbers (with logiV(Hl) > 20.3 cm -2 ) produce strong, 
saturated absorption in many neutral and singly ionized 
species. They are associated with the densest regions in a va- 



riety of structures at low redshift, including regions in dwarf 
and low surface brightness galaxies as well as in lu minous 
galaxies l|Rao fc Turnshekl |2000| ; IZwaan et all 120051 ) . Most 
of the cross section of luminous galaxies gives rise to Ly- 
man limit (17.2 c m" 2 < log jV(Hl) < 20.3 cm" 2 ) an d strong 
Mgii absorption (|Steidellll995l ; IChurchill et al.ll2000l ). Those 
Lya absorbers with logiV(Hl) < 17.2 cm" 2 are collectively 
called the Lya forest (for example, see lCharlton fc Churchilll 
2000), and these are respon sible for ~ 30% of the bary - 
onic content of the universe (|Penton. Stocke. fc Shullll2004l ) 
at low redshift, down from ~ 90% at z ~ 2.5 (see e.g. 
ISimcoe. Sargent, fc Rauch 20021). Most of the Lya forest 
clouds have logiV(Hl) < 14.5 cm" 2 and many are expected 
to be diffuse (ove rdensities 5 of order 5) and photoionized 
l|Dave et al.lll999T ). Other populations of absorbers also ex- 
ist, associated with galaxy haloes and environme nts, that are 
dense r and with different sources of ionization (|Dave et al.l 
Il999l) . including Ovi, Civ, and weak Mgii absorbers. These 
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are important because they trace regions of emerging struc- 
ture formation where processes like interactions and feed- 
back shape the properties of intergalactic gas. 

Another important species is Ovi, a possible tracer of 
the shock- heated Warm-Hot Intergalactic Medium (WHIM), 
which w ould genera l ly ha ve temperatures of 10 s K to 
10 7 K jKang et alj 120051) and ov erdensities of 10 < 
5 < 30 jCharlton fc Churchilll |200Ch . If collisionally ion- 
ized, Ovi lines would trace gas at 10 5 K < T < 
10 6 K, particularly near 10 5 5 K. (see e.g. [Heckman et al.l 
120021 , iDanforth fc ShullH 2005). Simulations predict that the 
WHI M density would be Qwht m = 0.3£l h JCen fc Ostrikerl 
1999). Other simulations done bv lKang et alj ([20051 ) suggest 
the presence of a WHIM component with temperatures of 
less than 10 5 K. This compone nt would be shock -heated and 
would be arranged into sheets (|Kang et al.ll2005T ). Most of it 
would have 10 4 K < T < 10 s K The cooler WH IM would 
comprise 13% of the baryons dKang et al.ll2005l ). Search- 
ing for the WHIM has become a key issue in accounting 
for local baryons, and Ovi is an important tracer; how- 
ever the origin of Ovi absorbers is likely to be varied, 
with some likely to be cooler and photoionized, but with 
some Ovi absorbers also consistent with higher tempera- 
ture, collisionally ionized gas and/or with multiphase condi- 
tions (Tripp, Savage , fc Jenkins 2000; iHeckman et al.l | 2002 |; 
Bergeron et alj|2002|; I Savage et al.ll2002l; ISimcoe et al.l l2002l; 



absorbers, especially in view of phase structure (gas with 
two different densities at similar velocity) being common. 
However, there is a clear progression with Mgn, Civ, and 
Ovi tracing progressively lower density photoionized gas 



(n e 



0.1-10 cm ), but with Ovi also sometimes 



Prochaska et al.ll2004l ). Specifically. iTripp et all ((2008;) have 



analysed a sample of 51 z < 0.5 intervening Ovi absorbers, 
with a particular emphasis on a comparison between the 
Ovi and the Hi absorption. The majority of Ovi absorbers 
with aligned Ovi and Hi components tend to be relatively 
cool (T < 10 5 K), and consistent with photoionized gas and 
not with collisional ionization. However, roughly half of the 
Ovi absorbers also have evidence for multiple phases, with 
the possibility of a hotter, collisional component in addition 
to the cooler one. Other diagnostics have been proposed for 
gaugi ng the WHIM dens ity, such as broad Lyman absorp- 
tion l|Richter et all [2006). and other transitions like Ovu, 
O vi ii, and Neix (e.g. iProchaska et al.1 12004| ) . 

IChen. Lanzetta. fc Webbl (|200ll ) have found that 
Civ absorbers with W r (1548) > 0.1 A are identified with 
haloes of bright galaxies, extending to 100ft" 1 (L/Lb) ' 5 kpc, 
with a covering factor of nearly unity. They proposed that 
these Civ haloes were formed from debris stripped from 
satellite galaxies. Roughly half of these Civ systems at low 
redshift also have weak Mgn detected, which is typically 
housed in a thinner, higher density layer (n e ~ 0.01 — 
0.1 cm -3 ) within the lower de nsity, higher ionization re- 
gion that gives rise to the Civ (|Milutinovic et aLll2006l) . A 
survey of weak Mgn absorbers, using Sill and Cn as rep- 
resentative tracers, found dN /dz = 1.00 ± 0.20 for weak 
Mgn absorbers with 0.02 < VF r (2796) < 0.3 A at z < 0.4. 
Thus these absorbers are only a small fraction of Ovi ab- 
sorbers. Weak Mgn absorbers at z ~ 1 have typical metal- 
licities > 0.1 solar and even greater than solar in many 
cases, despite their location far from the luminous part 
of br ight galaxies (|Charlton et al.l 120031 ; iNaravanan et all 
2008). They have been proposed to arise in extragalactic 
analogs of Milky Way high velocity clouds, in superwind 
struc tures, and generally in metal- rich regions in the cosmic 
web i|Naravanan et al.ll2007l , I2OO8I ). 

Clearly, there is overlap between the different classes of 



arising in collisionally ionized gas at higher temperature. 
Thus dense structures give rise to low ionization gas and dif- 
fuse structures to highly ionized gas, providing a convenient 
way to map the distribution of gas in and around galax- 
ies. An important complication to this picture occurs due to 
the evolving extragalactic background radiation incident on 
these systems. For gas at the same density, the ionization 
parameter, log U — logn 7 — logn e , decreases by about an 
order of magnitude from z = 1 to z = 0, leading to less ion- 
ized structures in the pr esent than in the past. For example, 
INaravanan et all (|2005l ) found that clouds that produced 
Civ absorption and no detected Mgn (W r (2796) < 0.02A) 
at z ~ 1 would produce weak, but detectable Mgn absorp- 
tion at z ~ 0. Thus the fundamental nature of the popula- 
tion of absorbers for a given line has changed with time, even 
if the density distribution of structures does not change. 

At low redshift, Cm 977 provides an important diag- 
nostic of the physical conditions of gas since it is such an 
intrinsically strong line for gas with an intermediate ion- 
ization state, i.e. fo r 10" 3 ' 5 cm" 3 < n H < 10" 10 cm" 3 
dChaffee et al. 1 119861 ). or an intermedia te temperature, i.e. 
for T ~ 10 s K (Lehner et all 120061 ). IDanforth fc Shulll 
(2008) has previously considered the number of absorp- 
tion systems with Cm 977 absorption lines. They found 
that these systems are not as common as those with 
Ovi AA1032, 1038 lines with the same equivalent width. 
For dM/dz, t h e nu mber of systems per unit redshift, 
IDanforth et al. I (|2006h find dM Cm /dz = 10±?, for W Cm > 
30 mA, compared to dMc^^Jdz = 17 ± 3 for Wn V I > 
30 mA (|Danforth et al.ll2006l ). fPanforth fc Shulll (|2005l ) ar- 
gue that the large range of logiV(Hl), and the correlation 
of iV(Hl)/iV(Ovi) with iV(Hl) imply two phases in many 
Ovi absorption systems. Their model involves a 'warm neu- 
tral medium' (WNM) core with 10 3 ' 5 K < T < 10 4 5 K, 
which would often produce Cm absorpti on, and a WHIM 
sheat h giving rise to Ovi absorption (|Danforth fc Shulll 
120051) . 

The z — 0.0777 abs orber along the line o f sight towards 
the quasar PHL 1811 (|jenkins et all 120031 ) is a Cm ab- 
sorber in which Cn and Civ are only weakly detected, 
thus we expect it has an intermediate ionization state. Sim- 
ilar syste ms include the z = 0.1736 system towards PC 
1116+215 dSembach et al.ll2004l ) and the z = 0.96463 system 
towards PC 1634+706 that we have identified in archival 
HST/STIS and Keck/HIRES spectra of that quasar. In this 
paper, we aim to constrain the physical conditions of the 
PHL 1811 Cm absorber, using the excellent coverage of 
many metal line transitions and of the Lyman series lines, 
with HST/STIS and FUSE. This syste m was among the 5 1 
intervening Ovi absorbers studied by ITripp et all (|2008h . 
who found three components of absorption with differing 
ionization states offset by ~ 30 km s" 1 , but did not consider 
it specifically in great detail. In this paper, for the z = 0.0777 
system toward PHL 1811, we perform Cloudy i|Ferlandf2 000) 
photoionization modelling and consider whether collisional 
or photoionization is more likely. We compare the density, 
temperature, and metallicity to those of weak Mgn, Civ, 
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Table 1. FUSE observations used. 



Data set 


Date 


Exp 


Counts 






s 


lifla 


liflb 


P20711010 


2001 June 22 


10902 


53330 


46507 


P10810010 


2003 June 2 


15507 


25410 


18960 


P10810020 


2003 June 3 


24255 


206760 


149952 


P10810030 


2003 June 3 


21779 


173410 


123660 



Data sets are listed in chronological order of observation. 'Exp' 
is the total exposure time for all exposures in the data set, while 
'Counts' is the total counts in the channel (lifla or liflb) for all 
exposures in the data set. 



and Ovi absorbers at low and intermediate redshift in order 
to see how domina nt C hi systems fit in. We then consider in- 
formation from the lJenkins et all (|2003T ) imaging of the field 
and discuss which part of the galactic environments and in- 
tergalactic medium this system and other systems like it 
might be probing. 

The data reduction and modelling methods are covered 
in § In section § 12.21 we present the relevant metal line 
transitions and Lyman series lines used to constrain the 
properties of the z = 0.0777 system towards PHL 1811. We 
describe in §[3]the results of our Cloudy modelling and give 
the likely physical conditions of the system. The implications 
for the origin and environment of the z = 0.0777 system to- 
wards PHL 1811 and other similar systems are discussed in 



CD 



2 DATA AND METHODS 
2.1 Reduction of the spectra 

We reduced the PHL 1811 spectra from both STIS and 
FUSE. PHL 1811 was observed with the E140M grating of 
STIS (0.2" x 0.06" ap erture) for a total o f 18.4 ks in pro- 
gram 9418 (PI Jenkins; [Jenkins et alj|2003h . The wavelength 
coverage was 1150-1730 A. Our STIS data reduction is de- 
scribed in INaravanan et all (120051 ). Briefly, the R = 45, 000 
E140M dat a were downloaded, and the pipeline wa s run 
on the data (|Brown et al.ll2002i ; [Narayanan et al.ll2005t ). Be- 
cause of the low S/N of individual exposures, the averaging 
of exposures was a simple weighting by exposure times, as 
in INaravanan et al.1 l|2005l ). 

Similarly, FUSE data were downloaded from the Cal- 
FUSE pipeline. They had already been processed with CAL- 
FUSE version 3.0. FUSE spectra come in four channels (lifl, 
lif2, sicl, sic2), which we treated separately because these 
channels spanned different wavelength bands, including 912- 
1187 A. There were several exposures per dataset, and four 
datasets for PHL 1811. The data sets and their properties 
are listed in Table [T] We averaged together the exposures 
for each data set. The averaging was weighted according 
to counts. We then binned each of the resulting spectra 
by 0.025 A. Because the actual velocity resolution is of or- 
der v ~ 15 km s -1 . the spectral resolution is R ~ 25, 000 
jSahnow et al.1 12000). Thus, the binning did not hamper our 
analysis. Then, we were able to average the data sets for each 
channel. Once the averaging was completed, we continuum 
fit each channel of the PHL 1811 FUSE spectrum. 





Sill 1260 



NV 1243 




-100 100 

Velocity km s 1 



■100 o 100 

Velocity km s 1 



Figure 1. Our two cloud model of the z = 0.0777 absorber 
towards PHL 1811, superimposed on the UV spectra. Transi- 
tions shortward of 1150 A in the rest frame were observed by 
FUSE, while those longward were observed by STIS. Both clouds 
for the superimposed model are photoionized, cloud A having 
log Z = —1.0 and log U = —3.0 (solid model curve), while cloud 
B has log Z = —1.0 and log U = —1.0 (long-dashed model curve). 
The combined model, including both clouds, is shown as a dotted 



2.2 The z = 0.0777 system towards PHL 1811 

We present the spectrum covering the regions of selected 
transitions for the z = 0.0777 absorber towards PHL 1811 in 
Fig. [U from both the STIS and FUSE spectra. We aligned 
the data from the two instruments by finding the average 
redshifts of the Ly/3, Ly7, Ly<5, Lye, and Ly£ lines in the 
FUSE spectrum as compared to the Lya line in the STIS 
spectrum, finding that the FUSE spectrum was offset by 
Av — 14 km s _1 blueward relative to STIS. We therefore 
shifted the FUSE data 14 km s _1 redwards so that tran- 
sitions covered by the different data sets could be simul- 
taneously mod elled. This shift ag rees, within errors, with 
that applied bv lTripp et al.l ([2008), who compared Galactic 
Cn and Fen ions observed with two different transitions in 
the FUSE and STIS spectra. 

Table [2] gives measured equivalent widths and the re- 
sults, column densities, Doppler parameters, and central 
redshifts of Voigt profile fits to detected transitions at 
z — 0.0777 (based o n an F-test of y 2 fittin g results using 
the Minfit program; IChurchill fc VogtJ 1200 ll ). It also gives 
equivalent width limits for transitions that fall in a clean 
part of the spectrum for which limits provide important con- 
straints on our modelling. All the Voigt profile fits are sin- 
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Table 2. Absorption line properties from Voigt profile fits and models. 



Lines 






Voigt Profile Fit 




Model Cloud A 


Model Cloud B 




V 




log N 


b 


W r 


log N 


b 


log N 


b 




km s _1 




cm~ 2 


km s — 1 


A 


cm 


km s — 1 


_2 

cm 


km s — 1 


Ly a, P, 8, ri 


7 ± 1 


16 


. uu in u.uj 


oq n 4- fl fi 
. u in u. u 


0.47 ± 0.01 


15 8 


17.7 


13.8 


17.3 


Cm 977 (blue) 


-28 ± 2 


12 


.87 ±0.07 


5.6 ±4.6 


0.030 ±0.020 






11.6 


11.6 


Cm 977 (red) 


6± 1 


13 


.58 ± 0.03 


15.5 ± 1.5 


0.116 ±0.007 


13.6 


10.3 






Cn 1335 


4± 2 


13 


.48 ± 0.04 


27.2 ±3.1 


0.055 ±0.005 


13.2 


10.3 


11.1 


11.6 


Civ 1548, 1551 


-25 ± 2 


13 


.11 ± 0.09 


9.2 ± 2.6 


0.043 ± 0.008 


11.7 


10.3 


13.0 


11.6 


Sin 1260, 1193, 1190 


Oil 


12 


.09 ± 0.07 


5.8 ± 1.5 


0.0152 ±0.002 


11.8 


9.7 


7.4 


11.2 


Sim 1207 


6± 1 


12 


.64 ±0.03 


9.7 ±0.7 


0.0615 ± 0.002 


12.6 


9.7 


8.9 


11.2 


Si iv 1394, 1403 










< 0.0050 


11.4 


9.7 


9.1 


11.2 


Nv 1239, 1243 










< 0.0071 


10.1 


10.1 


12.6 


11.5 


Oi 1302 










< 0.0084 


11.3 


10.0 


6.9 


11.4 


Ovi 1032 


-40 ±4 


13 


.74 ± 0.06 


32.0 ±6.1 


0.061 ±0.008 


8.7 


10.0 


13.4 


11.4 



No components could be fit to Siiv, Nv, or Oi so 3c equivalent width limits are given. The rest-frame equivalent widths W r are 
given for the strongest listed line for the Voigt profile fit to each species. Ly« is heavily saturated, and the Voigt profile column 
density for Hi may be inaccurate. The velocites of the components are with respect to the midpoint of the integrated absorption 
of the system (z S tis = 0.077754). 



gle component Voigt profile fits, except for Cm 977 which 
demands a second component offset by 34 km s _1 . Some 
transitions, such as the redward core of the Cm 977 absorp- 
tion, are saturated, so that the column densities may be 
inaccurate. In particular, the column density in the heavily 
saturated Lyct may be underestim ated, although Lyq is not 
saturated fc.f. iTripp et al.l [20081 ). The Cm is the strongest 
detected metal-line transition in this system. There is an 
apparent asymmetry in the Cm line, requiring two compo- 
nents with Voigt profile fitting. Fig.[T]shows clearly that the 
redward component of Cm 977 is aligned with the observed 
Cn 1335 and Sim 1207 absorption, while the blueward com- 
ponent of Cm 977 is aligned with the strongest detected 
Civ 1548 absorption and the Ovi 1032 absorption. There 
also appears to be a small, narrow Civ 1548 feature at the 
same redshift as the redward Cm 977 component, detected 
with 4.6cr significance and rest-frame equivalent width of 
0.015 ±0.010A. 

The two component Voigt profile fit to Cm 977 is also 
listed in Table[2] Fig.[T]shows that the region where Civ 1551 
would be detected is affected by a blend, so that it can- 
not be considered. We therefore used models to constrain 
the properties of two clouds, separated by 34 km s" 1 in ve- 
locity, which we will call Cloud A (redward) and Cloud B 
(blueward). Cloud A is associated with most of the Sim, 
Cn, Hi, and other low ionization species. Cloud B is associ- 
ated with more of the higher ionization absorption, mainly 
Civ and Ovi. 



1 As we will s ee, Cloud A corres ponds to the main Hi compo- 
nent found by ITripp et all j200Sft and Cloud B cor responds to 
their Ovi component in this system. According to ITripp et al.l 
(2008), these components are separated by 32 ± 1 km s _1 , which 
is very close to our estimate of a 34 km s~ 1 separation. Since 
Cloud A's redshift is determined by Sim, measured with STIS, 
and Cloud B's redshift is determined by the Cm, measured with 
FUSE, this demonstrates that the shift we applie d to the FUSE 
data matches the one used by ITripp et~al] 1120081) . Similarly, the 
absolute redshift for Cloud B af ter the shift i s 0.07 7659, which is 
within 3 km s _1 of the redshift ITripp et alj ||2008T ) measured for 
the Ovi line, 0.07765. 



2.3 Modelling techniques 

To model both photoionization and collisional ionization for 
the z = 0.0777 system in the PHL 1811 line of sight, we used 
the C loudy code (version 94, last described bv lFerland et al.l 
1998). We ran Cloudy models for Clouds A and B consis- 
tent with their derived Voigt profile Cm and Sim column 
densities, thus 'optimizing' the models with respect to the 
observed lines. For Cloud A, it is better to use the Sim col- 
umn density as a constraint because the Cm 977 line is sat- 
urated and an accurate column density c annot be derived. 
We u sed a Haardt & Madau spectrum (|Haardt fe Madaul 
1996) as the ionizing spectrum, where an escape fraction 
of 10 % was assumed for UV p hotons from star-forming 
galaxies (|Haardt fc Madau 2001). For each model that we 
run, the ionization parameter, U = n^/nn and metallic- 
ity are specified. At z = 0.0777, the normalization of the 
Haardt & Madau spectrum determines the number density 
log nn = log n 7 — log U, so that each model corresponds to 
a particular gas density. The parameters, Z and U uniquely 
determine the column densities of all chemical transitions, 
for that model, so that a synthetic spectrum can be gener- 
ated. To create the spectrum, the Doppler parameter b for 
each line was calculated from b 2 = 2kT/m + b'j urb , where k 
is Boltzmann's constant, T is temperature, m is the atomic 
mass of the element, and bturb is a contribution from tur- 
bulent motion that is constant for all lines from a given 
cloud. For photoionized models the equilibrium tempera- 
ture is from the Cloudy output, while for collisionally ion- 
ized models it is an input parameter for the model (higher 
than photoionization equilibrium gives). In either case, us- 
ing this temperature and the observed Doppler parameter 
for the optimized line, it is possible to calculate b tur t and 
the Doppler parameter for the other lines. Models with neg- 
ative b 2 urb were ruled out by hand. Each synthetic model 
spectrum was then compared with the observed spectrum. 

A solar abundance pattern was assumed for all models. 
We also assumed a plane parallel geometry for each cloud. 
We ran grids of models, varying metallicity Z and ioniza- 
tion parameter U — n^/nn for photoionization models, or 
temperature T for collisional ionization models. Grids were 
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Figure 2. This plot represents the grid of photoionization models 
we ran for cloud A. Shades boxes are those models that produced 
the Sim absorption without overproducing other species. Boxes 
with horizontal cross-hatching represent models with Sim and 
Cn; the vertically cross-hatched boxes are models with Sim and 
Lyo. Only our one favoured model produced enough Sim, Cn, 
and Lya. 



run with a spacing of 0.5 in both log Z and log U . At this 
spacing, models can be distinguished (i.e. adjacent models 
do not often produce similarly good fits to the data), thus 
we estimate our accuracy in these parameters to be roughly 
±0.25 dex. We use the accuracy of 0.25 dex in U to calculate 
errors in size and density throughout the paper. 



3 RESULTS 

We began with Cloud A, for which the Si ill column den- 
sity is listed in Tables [2] and [3] Once the parameters of this 
cloud are constrained, we refit the Cm line to determine the 
column density for Cloud B, dividing out the contribution 
to that Cm from Cloud A. Our best-fitting photoionization 
model is briefly described in Table [3] We show the contri- 
butions of each of the two clouds in this model in Fig. [T] 
Tables [4] and [5] list all viable model parameters for each 
cloud, assuming photoionization and collisional ionization, 
respectively. 



3.1 Cloud A 

Our Voigt profile fit to Sim sets the redshift of cloud 
A as zstis = 0.077775. The column density of Sim is 
log A^Sim) = 12.64±0.03 cm -2 and the Doppler parameter 
is 6(Sim) = 9.7 ±0.7 km s" 1 . 



3.1.1 Photoionization 

We ran a grid of photoionization models with —4.0 < 
log U < -1.0 and -2.0 < logZ < 1.0 at 0.5 dex intervals. 
We find that for some values of ionization parameter and 
metallicity, the Sim can be explained without overproducing 
other species. Our models indicate that —3.0 < log U < —2.0 
and —1.5 < log Z, as seen in Fig. [21 At lower ionization pa- 
rameters (—3.0 < log U), Cn is always overproduced, often 
along with Hi and Sill. Higher ionization parameter models 
overproduce several species, including Cm, Civ, Siiv, Nv, 
and Ovi. 

Cloud A also must fit the redwards wing of the Hi ab- 
sorption and the detected Cn absorption. Cloud A can ex- 
plain the red side of the Hi absorption for two models: when 
log Z = —1.0 and log U — —3.0, as well as for log Z — —1.5 
and log U = —2.5. The blueward wing of both the Hi and 
Cm absorption cannot be fit with cloud A alone. Of the 
two models that match the red side of the Hi absorption, 
the Cn absorption is matched when log U = —3.0. To fit 
both the Hi and Cn absorption requires that log Z ~ —1.0 
and log U ~ —3.0, so we favour this model among those 
in our grid. This model does not predict the very narrow 
Civ feature detected at the same redshift, which may mean 
that at least one other component is at the same redshift. 

The physical conditions predicted by the photoioniza- 
tion models we have considered for cloud A are listed in 
Table |4] Photoionization models predict cloud sizes between 
0.0551q'q24 kP c and 4. 9^2* kpc. Hydrogen number densities 
of 1.2±°i x lO" 4 cm" 3 (6 = 470± 3 ™) to 0.0012t°;°°£> cm" 3 
(S = 4700^2ioo ) are expected. Temperatures range from 
380 K to 19000 K. If we require that cloud A fit the red 
edge of the Lyman series and the Cn absorption, as in 
our favoured model, then the density, sizes, and tempera- 
tures are constrained to be towards the higher ends of these 
ranges. This (log U = —3.0, log Z = —1.0) model indicates 
a size of 0.42±°; 33 kpc, a density of 0.0012±°;°g°!? cm" 3 , and 
a temperature of 13700± 2 ^ K. 

In our favoured model, we predict that the column den- 
sity of the Hi from Cloud A is iV(Hi) = l5.77t° H cm -2 , 
with a Doppler pa rameter of bu ~ 17.7 km s . To compare, 
iTripp et al.1 (120081 ) identified two Hi lines in the z = 0.0777 
system towards PHL 1811. The first was 24 ±5 km s" 1 red- 
wards of the Ovi line they identified with log A" (Hi) = 
13.56 ± 0.0 9 cm" 2 and was e xtremely wide, with bu — 71 ± 
12 km s _1 (|Tripp et al.ll2008h . Our derived hydrogen column 
density and Doppler parameter of Cloud A are inconsistent 
with this feature. The second hydro gen absorption compo- 
nent identified bv lTripp et~aT] (|2008T ) was 32 ± 1 km s _1 red- 
wards of the Ovi line with log A^(Hi) = 16.03 ± 0.07 cm~ 2 
and bu = 19 ± 1 km s~ . The Doppler parameter of this fea- 
ture is in good agreement with our predicted Doppler param- 
eter for our favoured model for Cloud A, and we identify this 
Hi component with Cloud A. Our predi cted H I column den - 
sity is somewhat less than measured bv lTripp et al.l (2008), 
which may mean that there are other clouds near this red- 
shift causing additional Hi absorption, as also suggested by 
the Civ feature at this redshift. However, the difference is 
not very great considering the errors. 
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Table 3. Cloud properties. 





Line fit 


2 


Av 


log N 


b 


log Z 


log U 








km s _1 


cm~ 2 


km s _1 






Cloud A 


Sim 1207 


0.077775 


6 


12.64 


9.7 ±0.7 


-1.0 


-3.0 


Cloud B 


Cm 977 


0.077659 


-28 


12.99 


11.6 ± 2.3 


-1.0 


-1.0 



In this tabic, z is the redshift of the cloud, Av is the offset with respect to the midpoint of the inte- 
grated absorption of the system (zstis = 0.077754), Z is the metallicity (with respect to Solar) in our 
best-fitting photoionization model, U is the ionization parameter in our best-fitting photoionization 
model. Other column densities and Doppler parameters for each cloud are model dependent. 



Table 4. Physical conditions for photoionized models. 



Cloud 


log Z 


log U 


T 


hurt 


D 


n H 


n e 








K 


km s- 1 


kpc 


cm 


cm 


A 

A 


-1.0 


-3.0 


13700 


9.3 


0.42 


0.0012 


0.0013 


A 


-0.5 


-3.0 


10200 


9.4 


0.15 


0.0012 


0.0013 


A 


-1.5 


-2.5 


19300 


9.1 


4.9 


3.7 x 10~ 4 


4.1 x 10~ 4 


A 


-1.0 


-2.5 


16500 


9.2 


1.6 


3.7 x 10~ 4 


4.1 x 10~ 4 


A 


-0.5 


-2.5 


11700 


9.3 


0.52 


3.7 x 10~ 4 


4.1 x 10~ 4 


A 


0.0 


-2.5 


6930 


9.5 


0.17 


3.7 x 10~ 4 


4.1 x 10~ 4 


A 


0.5 


-2.0 


1470 


9.7 


0.23 


1.2 x 10~ 4 


1.3 x 10~ 4 


A 


1.0 


-2.0 


375 


9.7 


0.055 


1.2 x 10~ 4 


1.3 x 10~ 4 


B 


0.5 


-2.5 


1230 


11.5 


0.0099 


3.7 x 10~ 4 


4.1 x 10~ 4 


B 


1.0 


-2.5 


364 


11.6 


0.0033 


3.7 x 10~ 4 


4.1 x 10~ 4 


B 


-0.5 


-2.0 


15200 


10.7 


0.33 


1.2 x 10~ 4 


1.3 x 10~ 4 


B 


0.0 


-2.0 


9250 


11.0 


0.098 


1.2 x 10~ 4 


1.3 x 10~ 4 


B 


0.5 


-2.0 


1470 


11.5 


0.028 


1.2 x 10~ 4 


1.3 x 10~ 4 


B 


1.0 


-2.0 


375 


11.6 


0.0093 


1.2 x 10~ 4 


1.3 x 10~ 4 


B 


-1.0 


-1.5 


27200 


9.9 


6.2 


3.7 x 10" s 


4.3 x 10" 6 


B 


-0.5 


-1.5 


20000 


10.3 


2.0 


3.7 x 10" 5 


4.3 x 10" 5 


B 


0.0 


-1.5 


13400 


10.8 


0.59 


3.7 x 10" s 


4.3 x 10" 5 


B 


0.5 


-1.5 


7100 


11.2 


0.14 


3.7 x 10" 5 


4.3 x 10" 5 


B 


1.0 


-1.5 


710 


11.6 


0.034 


3.7 x 10" s 


4.3 x 10" 6 


B 


-1.0 


-1.0 


33500 


9.4 


83 


1.2 x 10" s 


1.4 x 10" 6 


B 


-0.5 


-1.0 


25800 


10.0 


25 


1.2 x 10" 5 


1.4 x 10" 5 


B 


0.0 


-1.0 


19700 


10.4 


7.8 


1.2 x 10" s 


1.4 x 10" 5 


B 


0.5 


-1.0 


15100 


10.7 


2.3 


1.2 x 10" 6 


1.4 x 10" 6 


B 


1.0 


-1.0 


10900 


10.9 


0.55 


1.2 x 10" s 


1.4 x 10" 6 



In this table, b tur i, is the Doppler parameter of the turbulent motion in the cloud, D is the depth/length of 
the cloud along the line of sight, nn is the hydrogen number density, and n e is the electron number density. 



Table 5. Physical conditions for collisionally ionized models. 



Cloud 


logZ 


\ogU 


logT 


bturb 


D 




n H 


n e 








K 


km s _1 


kpc 




cm~ 3 


cm~ 3 


A 


-1.0 


-5.0 


4.7 


8.0 


0.0039 




0.12 


0.13 


A 


0.0 


-5.0 


4.7 


8.0 


3.9 x 10~ 


4 


0.12 


0.13 


A 


-1.0 


-5.0 


4.8 


7.5 


0.0049 




0.12 


0.13 


A 


0.0 


-5.0 


4.8 


7.5 


4.9 x 10" 


4 


0.12 


0.13 


B 


-1.0 


-5.0 


4.9 


5.0 


9.3 x 10~ 


4 


0.12 


0.14 


B 


0.0 


-5.0 


4.9 


5.0 


9.3 x 10~ 


5 


0.12 


0.14 


B 


-1.0 


-5.0 


5.0 


<3.5 


0.0016 




0.12 


0.14 


B 


0.0 


-5.0 


5.0 


<3.5 


1.6 x 10~ 


4 


0.12 


0.14 



In this table, bturb is the Doppler parameter of the turbulent motion in the cloud, D is the 
depth/length of the cloud along the line of sight, tlh is the hydrogen number density, and n e is 
the electron number density. The calculations for the depth and densities assume that log U = —5; 
other ionization parameters with different densities arc also consistent with the constraints, and give 
different densities and depths. 
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Figure 3. This plot represents the grid of collisional ioniza- 
tion models we ran for cloud A. Shaded boxes are those models 
that produced the Si III absorption without overproducing other 
species. Horizontally cross-hatched boxes represent models with 
Sim and Cn. No allowed model produced enough Lya. 

3.1.2 Collisional ionization 

We also tried collisional ionization for temperature in the 
ranges of 1.0 < logT < 5.5. The temperature was set to be 
constant in Cloudy. We also assumed log U — —5.0, so that 
the ionizing background was insignificant and the models 
were effectively in collisional ionization equilibrium (CIE). 
However, any sufficiently small ionization parameter would 
produce similar results, leading to a degeneracy in these 
models in density and size. Our grid used one dex intervals 
for logT < 4.5 and 0.1 dex intervals for 4.5 < logT < 5.5. 
We used metallicities ranging from log Z — —2 to log Z = 1, 
in 0.5 dex intervals. We found that the collisional ioniza- 
tion could explain the absorption for 4.7 < logT < 4.8, if 
log Z > —1.0 (see also Fig. |3}. Lower temperatures over- 
produce Cn and sometimes other lower ionization species, 
while higher temperatures overproduce Cm, Civ, Si IV, 
and sometimes other higher ionization species. Models with 
log T = 4.7 matched the Cn absorption. For all models 
consistent with constraints from the metal line transitions, 
the Hi absorption was underproduced. However, Lya was 
overproduced when \ogZ < —1.5, so it may be the case 
that Lya can be fit if -1.5 < log Z < -1.0. Models 
with log Z — —1.5 still do not produce enough Ly7 and 
LyS absorption, though, in contrast to photoionization mod- 
els (which do reproduce the Ly7 and Ly<5, as demonstrated 
in Fig. [TJ. An even lower metallicity would be needed to 
account for the Ly7 and Ly<5, which is already ruled out 
because of the Lya absorption. Since collisional ionization 
cannot reproduce these lines, we favour photoionization. 

The physical conditions predicted by our collisional 
ionization models for cloud A are listed in Table [S] 
The hydrogen density for collisional ionization models is 
i%h > 0.0012 cm -3 , assuming that logT7 < — 3 so that pho- 



Figure 4. This plot represents the grid of photoionization models 
we ran for cloud B. Shaded are those models that produced the 
Cm absorption without overproducing other species. Horizontally 
cross-hatched boxes represent models with Cm and Civ; verti- 
cally cross-hatched boxes are models with Cm and Lya. Only 
one model, our favoured model, produced enough Cm, Civ, and 
Lya. 



toionization becomes unimportant, since the number den- 
sity of extragalactic background photons is constant at 
that redshift. Sizes are given by 4.8 x 10" 5 (n H /cm" 3 ) _1 
to 4.8 x 10~ 4 (n H /cm~ 3 )" 1 kpc. 



3.2 Cloud B 

Cloud B was fit to the remaining bluewards Cm 977 ab- 
sorption, after dividing out the absorption predicted for 
cloud A with the log Z = -1.0, log U = -3.0 model. 
Our Voigt profile fit indicates that cloud B is located at 
zstis = 0.077659. The column density of Cm is found to 
be logA r (Cm) = 12.99 cm -2 , and our measured Doppler 
parameter is 6(Cm) = 11.6 ± 2.3 km s . 



3.2.1 Photoionization 

For cloud B, we used the same grid as cloud A, but expanded 
to include log U = —0.5. We found that cloud B did not 
overproduce metal line or Lyman series transitions when 
—2.5 < log U < —1.0 and —1.0 < logZ. Lower ionization 
parameter models had too much Sim or lower ionization 
species. Fig. [4] shows exactly which models were consistent 
with the spectrum. 

However, if we require that Cloud B explains two ad- 
ditional features, the bluewards Hi wing and the aligned 
Civ 1548 absorption, a specific model is favoured. To match 
the ratio of Civ 1548 to Cm 977 the ionization parameter 
is constrained to be log U — —1.0. For this value of log U , a 
metallicity of \ogZ = —1.0 matches the red Hi wing. Thus 
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3.2.2 Collisional ionization 



log Z 
-1.0 -0.5 0.0 




0.5 0.0 0.5 1.0 



Figure 5. This plot represents the grid of collisional ionization 
models we ran for cloud B. Shaded boxes are those models that 
produced the Cm absorption without overproducing other ab- 
sorption. The vertically cross-hatched boxes represent the model 
with Cm and Lya. All allowed models underproduced Civ. 



As with Cloud A f§ l3.1.2[l . we approximated collisional ion- 
ization equilibrium by assuming an ionization parameter of 
log U = —5.0 and some constant temperature T. Our grid 
of collisional ionization models spanned 1.0 < logT < 5.5, 
at 1 dex intervals for logT < 4.0 and 0.1 dex intervals for 
4.5 < logT < 5.5. We used metallicities of logZ = -2.0 
to log Z = 1.0 in 0.5 dex intervals. We find that for 
log Z > —1.0, the Cm absorption can be explained without 
overproducing other species if 4.9 < logT < 5.0 (see also 
[5]). Lower temperatures overproduce Sim and sometimes 
other low ionization species. Higher temperatures overpro- 
duce Civ and sometimes other high ionization species. The 
model with log Z — —1.0 and logT = 4.9 produces the 
bluewards wing of Lya. However, no model produces the 
observed Civ feature. Because of this, photoionization is 
favoured for Cloud B. On the other hand, the Civ abun- 
dance did increase with temperature, so that some Civ did 
appear at logT = 5.0. It is possible that there is a solu- 
tion with 5.0 < logT < 5.1 where collisional ionization can 
reproduce all of the characteristics of Cloud B. 

The physical conditions predicted by the collisional ion- 
ization models we considered for cloud B are listed in Ta- 
ble [5] All of the collisional ionization models imply that 
ran > 1.2 x 10" 5 cm -3 , if log U < - 1 so that the pho- 
toionizing background is unimportant. The size is 1.1 x 
10~ 5 (n H /cm- 3 )- 1 to 1.9 x lO^n^/cm" 3 )" 1 kpc. 



our favoured model for Cloud B, among the choices on the 
grid, has log U = —1.0 and log Z — —1.0. 

The physical conditions for considered photoionization 
models of cloud B are listed in Table [4] Photoionization 
models predict sizes ranging from 0.00331q'ooi4 kpc to 83lgg 
kpc, densities from 1.2+^ x 10" 5 cm" 3 (S = 48+") to 
3.7tf 9 6 x 10" 4 cm" 3 (S = 1500+^°), and temperatures from 
360 K to 33400 K. However, requiring that cloud B explain 
both the Hi and the small Civ absorption feature observed 
leaves only one model on our grid, one which has a high 
ionization parameter parameter. This model (\ogU = —1.0, 
log Z = — 1.0) corresponds to a hydrogen number density of 
1.2t°% x 10~ 5 cm" 3 . The size of the model cloud would be 
83±H k P c > and its temperature would be T = 33500^^^ K. 
If both cloud A and cloud B correspond to our favoured 
photoionization models, then cloud B has a lower density 
than cloud A by about two orders of magnitude, and cloud 
B is much larger than cloud A. 

We note that the column density of Ovi from Cloud 
B in our favoured model is logAT(Ovi) = 13.43io gg cm" 2 , 
with an oxy g en D oppler parameter of bo ~ 11.4 km s" 1 . 
iTripp et all l|2008h also identified an Ovi line at the 
same redshift as our Cloud B, with a column density of 
log N(0 vi) = 13.56±0.10 cm" 2 and a Doppler parameter of 
bo = 26lg 2 km s" 1 . The predicted column density for Cloud 
B in our favo ured model i s roug hly in agreement with that 
measured by ITripp et al l (12008!). We therefore id entify the 
Ovi component measured by iTripp et all (|2008h as Cloud 
B; however, our predicted Dop pler parameter is sig nificantly 
smaller than that measured bv lTripp et al.l (|2008h . 



4 THE CONTEXT OF THE Z = 0.0777 
ABSORBER TOWARD PHL 1811 

4.1 The IGM phase of the z = 0.0777 absorber and 
its ionization 

Cosmological simulations predict a multiphase structure of 
the IGM: a very low density, photoionized Lyman alpha 
forest on the largest scales; a somewhat higher density, 
shock heated warm-hot ionized medium (WHIM) on smaller 
scales; and high density, photoionize d clouds around galaxies 
|Dave et al.lll999l ; iKang et al.ll2005t ). The WHIM is consid- 
ered to have temperatures of T = 10 5 K to T = 10 7 K, and 
so has b een sought with high ionization lines like Ovi (for 
example. iHeckman et al.ll2002h . However, IKang et all (|2005h 
predict a cool WHIM with temperatures above 10 4 K and 
densities of order ~ 10~ 6 cm" 3 . It is also possible that 
Cm could serve as a probe of the interfa ce between phases 
in m ultiphase models of Ovi absorbers (jDanforth fc Shulj 
120051 ) . It can even be the case that the absorber studied 
here does not easily fall into any of these categories, and is 
more directly associated with a galaxy or its immediate sur- 
roundings. Knowing whether the z = 0.0777 system towards 
PHL 1811 is collisionally ionized or photoionized is therefore 
important to finding its place in the IGM. 

In their stud y of Cm absorption systems, 
iDanforth et al.l l|2006l ) argued that they were photoionized. 
First, they found that A r (Cm) is correlated with AT (Hi) in 
Cm absorber systems, which suggests a coupling between 
the two. However, they note that there is much scatter 
in the relationship. Second, they found that the column 
density distributions of Cm absorbers and Lya absorbers 
were similar. Both could be characterised as power laws 
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proportional to N 13 , where N is the column density with 
/3 Hl = 1.68 ± 0.11 and f3 Cm = 1.68 ± 0.04. Finally, they 
calculated the cooling times of shock heated Cm absorbers 
and found that they were extremely short. 

The statisti cal arguments for the e nsemble of Cm sys- 
tems studied by iDanforth et al.l (|2006i) are not very useful 
for the specific system studied here, since we do not know 
where it lies on the distribution. However, we may calculate 
the cooling times of both cloud A and cloud B from our 
collisional ionization models, using the same approach as 
Dan forth et al. (2006). In collisional ionization equilibrium, 



3kT 



(1) 



where nn is the hydrogen num ber density, and Aj 



is the cooling rate coeffi cient l|Danforth et al.l 120061 ; 
ISutherland fc Dopital Il993l ). By using the cooling 
rate coefficients Ajy give n in Sutherland & Dopita 
^Sutherland fc Dopital [l993h . we derive the cooling times, 
which are listed in Table [6] for Clouds A and B. 

We find that ta,cooI ~ 5000(n£r/cm -3 ) -1 yr and 
tb.cooI ~ 2000(riH/cm~ 3 )~ 1 yr, for log Z ~ -1. Colli- 
sionally ionized clouds are dense, so they will necessar- 
ily have very short cooling times: a few million years or 
less. The constraints are more severe for cloud B than 
cloud A, but they are the same order of magnitude for 
both. Even at \oglJ — —2, approaching the photoioniza- 
tion regime, tb, coo i ~ 20 Myr, vastly shorter than time- 
scales of large scale structure formation. Only when the 
density is comparable to the critical density of the Universe 
(riH ~ 2.5 x 10 -7 cm -3 ) are the cooling times comparable to 
the Hubble time. 

Another reason that we prefer a photoionization expla- 
nation of the system is the detected Hi absorption in Cloud 
A and Civ absorption in Cloud B. Photoionization models 
could explain the presence of these species, but our collision- 
ally ionized models could not account for all the observed 
absorption without overproducing Cm. However, it is pos- 
sible that the system contains otherwise hidden phases that 
would produce this absorption. Furthermore, as we discussed 
in § 13.1.21 and § 13.2.21 it is possible that our grids were too 
coarse to find collisional ionization solutions. While we ar- 
gued against this possibility for Cloud A, because of the 
Ly7 and Ly<5 absorption, it remains a possibility for the 
Civ absorption of Cloud B. 

Based on these arguments, we conclude that photoion- 
ization works better as the source of ionization for these 
clouds than collisional ionization, especially for Cloud A. 
The system is not likely to be part of the WHIM, whether 
cool or warm. That still leaves the question of which pho- 
toionized phase of the IGM the absorber is a part of. Is each 
component part of the low density Lya forest, a high den- 
sity cloud associated with a galaxy, or even a transitional 
state with a density normally associated with the WHIM? 
From the densities given in Table [3] it is clear that both 
clouds are relatively high density. With a number density of 
~ 10 -3 cm~ 3 (overdensity S ~ 5000) in our preferred model, 
cloud A is far too dense to be a part of the Lya forest or any 
photoionized WHIM. Therefore, i t is probably 'co ndensed' 
and associated with some galaxy (|Dave et alJll99Sh . 

Cloud B is still far too dense to be a part of the Lya for- 
est, with nil ~ 10 -5 cm~ 3 (S ~ 50) in our favoured model, 



it is fairly dense for the WHIM, and an order of magni- 
tude denser than typical cool WHIM gas. However, cloud 
B is also underdense for a typical condensed Lya absorber 
(5 > 170) in the models of iDave et alj (Il999l ). Because it is 
probably photoionized and relatively cold (T ~ 30000 K), 
it does not cleanly fall into either the WHIM phase or the 
condensed phase. If it is primordial, it may represent some 
kind of transitional absorber. This may also be seen from 
its larger size (about 80^40 kpc). If cloud B is collisionally 
ionized, it will be denser, and more clearly associated with 
an individual galaxy. 

This discussion assumes that the absorbers are primor- 
dial, in that the gas has not been processed by a galaxy 
and returned to the IGM, but is still undergoing structure 
formation. However, it is also possible that low density gas 
has been ejected out of a galaxy, perhaps as a wind or as 
tidal debris. Then, Cloud B may still be associated with a 
galaxy, even with its low density, and however it is ionized. 
Since Cloud B cannot be clearly identified with the usual 
IGM phases, a galactic origin of this kind may be preferred. 
The possibility of an origin from within a galaxy will be 
considered more in § 14.21 



4.2 The big picture: association with a galaxy? 

When they identi fied the z = 0.0777 ab sorber along the PHL 
1811 line of sight. [Jenkins et alj (|2003l ) proposed that it was 
a tidal debris cloud. They noted the existence of absorption 
system s on this sight line a t z = 0.0734, 0.0777, 0.0790, and 
0.0809 (| Jenkins et al.ll2003l ). These are fairly close in redshift 
to the nearby galaxy G 158, at z = 0.0808. That galaxy 
lies at a projected dista nce of 34 h^Q kpc from the sight- 
line (I Jenkins et al.l 120031 ). Another galaxy, G 169, is at z = 
0.080 4 with impact parameter 87 kpc (| Jenkins et al.l 
2003). A follow-up ACS image revealed a third bright 
galaxy coincident with the quasar, probably the quasar host, 
though it is remotely possible that it lies at another redshift 
ijjenkins et al.l |2005) . Because of the relatively few metal 
lines visible in these systems, they initially proposed that 
all the clouds are link ed with the galaxy G158 and are the 
result of tidal debris (I Jenkins et alj [20031 ). Galaxy interac- 
tions are known to produce large tidal tails of gas and stars, 
stripped off from the interacting galaxies. Neutral hydrogen 
is among the constituents of these tails. Famous among tidal 
tails is the Magellanic Stream, which has a velocity gradient 
of up to 390 km s _1 |Putnam et al.ll2003l ). Other examples 
include NGC 4676a and b, with a Hi velocity amplitude of 
420 km s" 1 ; and Arp 295 a and b, with a Hi velocity am - 
plitude reaching 520 km s _1 (jHibbard fc van Gorkonlll996f ). 
Column densities of Hi can be up to 10 19 cm -2 in tidal tails, 
with tot al Hi masses of 1Q 9 M0. Spatially, th ey may extend 
100 kpc (|Bekki. Koribalski. fc Kilbornll2005T ). On the other 
hand, the velocity difference for the z = 0.0777 system is 
still rather large, with At) = —870 km s -1 to G 158 and 
Av = -730 km s" 1 to G 169 (| Jenkins et al.l 120031 ). These 
large velocities cou ld be problematic for the tidal debris sce- 
nario, as stated by I Jenkins et alj l|2003l ). 

Another, less dramatic scenario is that the z = 0.0777 
system towards PHL 1811 is associated with the local 
large scale structure. There are a number of galaxies at 
nearly the same redshift. One of the nearest is SDSS 
J215513.70-091805.8 at 2 = 0.0745, which is 5.3' away 
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Table 6. Cooling times for collisionally ionized models. 



log 17 


logZ 


logT 
K 


nil 
cm ° 


A N 
erg cm 3 s 


-l 


Tcool 
S 










Tcool 

Gyr 






0.73 


0.0 


4.7 


2.5 X 10" 7 


4.79 x 10" 


22 


1.8 x 10 17 










5.5 






0.73 


-0.5 


4.7 


2.5 x 10~ 7 


2.19 x 10" 




3.8 x 10 17 










12 






0.73 


-1.0 


4.7 


2.5 x 10~ 7 


1.12 x 10" 


22 


7.4 X 10 










24 






<-3.0 


0.0 


4.7 


> 0.0012 


4.79 x 10" 


22 


4.3 X 10 10 X (n H /cm 
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For comparison, the mean baryonic number density of the Universe is 2.5 X 10~ 7 cm -3 . These cooling times 
assume that the ionization is from collisional ionization only; at high U (low density), photoionization can 
keep the cloud in thermal equilibrium. 



from PHL 1811 (|Merchan fc Zandivarezll2005t ). implying an 
impact parameter of 470 /i^kpc. Several other galaxies 
cluster at this redshift, in c luding several at z = 0.078. 
iBreeman. Dupke. fc Miller! l|2004h investigated the large 
scale structure at z ~ 0.08 on the PHL 1811 sightlinc. 
The supe rcluster Aquarius B i s in its direction at the same 
redshift (|Bregman et all 120041 '). IBreeman et all l|2004h list 
five clusters in Aquarius B with 0.08 < z < 0.09. They 
note that the PHL 1811 sightline passes between two pairs 
of thes e clusters: A2376 and A2377, as well as A2402 and 
A2410 (|Bregman et alj|2004 ). However, the PHL 1811 sight- 
line does not pass ne ar any of the clusters themselves, com- 
ing only within 50' (|Bregman et al.ll2004l ). Therefore, ab- 
sorbers on the PHL 1811 sightline could be in cosmic fil- 
aments i£ormectimj_the clust ers, but not the clusters them- 
selves. iBregman et al.l (|2004l ) note that the velocity disper- 
sions of the 0.07 < z < 0.08 absorbers, up to 2250 km s" 1 for 
the z — 0.07344 absorber, could arise from motions in su- 
perclusters. SDSS data does not cover PHL 1811, but does 
extend to near regi ons in the sky. From that SDSS data, 
Ijenkins et al.l (|2005T ) found that there is a filament of galax- 
ies near PHL 1811's sightline that includes two SO galaxies 
at z = 0.080. 

Sev eral studies have found that w hile strong Lya ab- 
sorbers JPenton. Stocke. fc Shulll liobl ) and Ovi absorbers 
|Stocke et al. 20061 ) may be associated with galaxies, weak 
Lya absorbers do n ot cluster as much. According to 
lLanzetta et al.l (|l995h . a third to two-thirds of all strong 
Lya absorbers are within galaxies. They also found an in- 
verse relationship between the imp act parameter and th e 
equivalent width of the Lya line (lLanzetta et al.l Il995h . 
However, their study focused on strong Hi absorbers. Fur- 
thermore, they did not find a relationship between equiva- 
lent width and type of galaxy, wh ich is what would be ex- 
pect ed if galaxies were re sponsible (|Lanzetta et al.|[l995l ). In 
fact, iPenton et al.l (|2002T ) found that the majority of weak 
(W r (1216) < 68 mk, N < 10 13 2 cm" 2 ) absorbers have no 
bright galaxy within 1 h? Mpc. Instea d, they appear to fa ll 
along filaments connecting the galaxies (IPenton et al.l l~2002'). 
Clouds like these are reported in cosmological simulations 
l|Dave et al.lll999f l. 



Perhaps the system at z = 0.0777 towards PHL 1811 
is part of the large scale structure linking the Aquarius B 
supercluster, including groups at z = 0.078 and the one 
containing G 158. The projected distance between SDSS 
J215513.70-091805.8 and the PHL 1811 line of sight is nearly 
the median projected distance betwee n galaxies and Lya ab- 
sorbers, 500 kpc (W > 16 mk) (|Penton et al.ll2002r i. If 
the PHL 1811 z — 0.0777 system is part of a supercluster fil- 
ament, its redshift near those of SDSS J215513. 70-091805. 8 
and G 158 may be explained. We should note, however, that 
the system at z = 0.0777 towards PHL 1811 is a relatively 
strong Lya absorber. In fact, the implied overdensity would 
be far greater than that typical of a large scale structure 
associated Lya absorber (5<10). Rather, the temperature 
and density are more like that of the 'conde nsed' galac- 
tic L ya clouds, especially for cloud A (see e.g. iDave et alj 
I1999T ). Cloud B, with a lower overdensity, may indeed be 
associated with structure on the hundred kiloparsec scale in 
some way. 

A final possibility to consider is that the system at 
z = 0.0777 on the PHL 1811 line of sight is associated with 
a dwarf galaxy too faint to see. The dwarf, of course, may 
be located within a filament of galaxies in the large scale 
structure. This could reconcile the high density of PHL 1811 
z = 0.0777 with the lack of an observed galaxy. Suc h a dwarf 
might even be in the same group as G 158 or G 169. ISalpeterl 
l|l993t) proposed that 'vanishing' dwarf galaxies are respon- 
sible for Lya absorption. The dwarfs would form late in 
cosmic history. An initial burst of star formation will result 
in supernovae, creating winds that clear out the galaxy cen- 
tres. This terminates star formation. As a result, the galaxy 
glows only with residual starlight. However, an outer halo o f 
neutral gas, enriched with metals, remains l|Salpeterill993l V 

At least one absorber, with similar properties to the 
z — 0.0777 system towards P HL 1811, is li k ely to be as- 
sociated with a dwarf galaxy. IStocke et all (|2004D found 
an impact parameter of 70 kpc between the system 
at v = 1586 km s" 1 towards 3C 273 and a dwarf galaxy 
at approximately the same z. The dwarf galaxy has mag- 
nitude Mb = —13.9, and metallicity Z = O.IOZq, com- 
pared to 0.06Zq for the absorber, derived along the ab- 
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sorber sightline l|Stocke et alll2004 ). The z = 0.0777 system 
towards PHL 1811 is consistent with a similar metallicity of 
Z ~ O.IZq. At z = 0.0777, and assuming fi A = 0.7, Q m 
— 0.3, and Ho — 70 km s _ Mpc - , the distance modulus 
would be m — M = 37.7. Therefore, if the host galaxy for 
PHL 181 1 z = 0.0777 was s imilar to the dwarf galaxy de- 
scribed in lStocke et alj (|2004T ), it would appear at magnitude 
tub = 23.9. It woul d thus be well below t he magnitude limit 
of ma = 21.5 in the I Jenkins et all l|2003l ) initial survey, and 
would not have been detected. 



4.3 PHL 1811 z = 0.0777 and other metal line 
absorbers 

If the system at z = 0.0777 towards PHL 1811 is a condensed 
structure associated with a galaxy, it is likely to be related to 
other classes of absorbers in galactic environments. A com- 
mon tracer of denser gas in galactic haloes is Mgn. If it is 
in a less dense phase, galactic halo gas appears as Civ ab- 
sorption. Finally, at very low densities, the gas shows up as 
Ovi absorption lines. Other lines may be used to discern 
the same phases; for example, Cn and Sill for cooler gas, 
and Si IV for hotter gas. The exact temperature and densi- 
ties highlighted by each line depends on the photoionizing 
background, which in turn depends on the redshift. 

Absorption in Cm would trace intermediate phase gas, 
with physical conditions between gas probed by Mgn lines 
and gas probed by Civ lines. However, the z = 0.0777 sys- 
tem towards PHL 1811 has two distinct components, with 
different inferred physical conditions. Could either of these 
clouds be identified with known phases in galactic haloes? 



4-3.1 Analogs at z ~ 0: Mgn and Civ/Ovi 

The low redshift IGM is not as well studied as the high 
redshift IGM, because many of the important lines lie in 
the far ultraviolet. Most low redshift studies concentrate on 
the overall statistics of absorbers, in particular, their num- 
ber distribution and the fraction of the IGM they comprise. 
None the less, some studies have co nsidered which IGM 
phase is representative of each ion fe.g. IDanforth et alj|200rj ; 
iDanforth fc ShuUll2008l ). 

It is clear that Cloud A i s a member of a s mall subset of 
the Cm absorbers studied bv lDanforth et al.l l|2006h . This is 
evident simply based on the number of absorbers with de- 
tected weak Sill and Cn absor ption (dj\f fdz = 1.00 ± 0.20 
for 0.02 < W r (1260) < 0.3 A; iNaravanan et al J [20051 ') rel- 
ative to Cm (dM/dz = 10±l for VK r (1335) > 0.03 A; 
IDanforth fc Shulll 120081 ). This subset is characterised by 
higher densiti es compared to t he typ ical photoionized clouds 
described by IDanforth et all (120061 ). i.e. a lower ionization 
parameter. The typical ionization parameter for photoion- 
ized Cm clouds is in the range —3 < log U < — 1 and we 
have found Cloud A to be at the very lower end of this range 
to explain the observed Cn absorption. 

Our favoured Cloudy photoionized cloud models pre- 
dict a Mgn rest frame equivalent width of 0.029 A for 
Cloud A (log U — —3.0) and a negligible value for the 
more highly ionized Cloud B (log U = —1.0). A value of 
W / r (2796) = 0.029 A would have been detected at high spec- 
tral resolution if the data had covered that spectral range. As 



noted by INaravanan et alj i|2005l ). only some of the E230M 
spectra in the STIS archive had high S/N data for wave- 
lengths 2800 - 3110 A so that a total of ~ 3 weak Mgn ab- 
sorbers might be expected in the small total path length. Be- 
cause of this, direct knowledge of weak Mgn absorbers at low 
redshift is limited. In the case of this z = 0.0777 absorber, 
the only spectrum covering the relevant near-UV region was 
obtained with the STIS G230L grating (jjenkins et al.ll2003l ) 
and does not have a resolution sufficient for detection of a 
weak Mgn line. However, the Sill 1260 and Cn 1335 equiva- 
lent widths of the absorber impl y that Cloud A is the e quiv- 
alent of a weak Mgn absorber ( Narayanan et ai1l2005h . So, 
this subclass of Cm systems may largely coincide with the 
class of weak Mgn systems at z ~ 0. 

Although Cloud B does not have low ionization ab- 
sorption, it is detected in Civ and ca n be compared to 
Civ absorbers. IDanforth fc Shulll | 20081 ) studied very low 
redshift (a<0.1) Civ absorbers that were slightly stronger 
than Cloud B (> 30 mA compared to 26 ± 6 mA for Cloud 
B). They found that there was little correlation between 
JV(Cm) and 7V(Crv). They interpreted this to mean that 
Cm and Civ arise in different phases. Furthermore, there 
was some correlation between iV(Crv) and A(Ovi), sug- 
gesting that Civ was collisionally ionized, or at least of the 
same phase as Ovi. Interestingly, there does seem to be 
Ovi absorption associated with Cloud B, with an equiva- 
lent width of 45.1±0.4 mA according to our Voigt pro f ile fit s 
(§[12J. This detection was confirmed bv lTripp etail (|2008h 
in their study of low-z Ovi absorption. Our more detailed 
modelling of the system suggests that it is photoionized, 
though not necessarily associated with an individual galaxy 
(see § 14. ip . While Ovi absorbers may be coll isionally ion- 
ized, some may be photoion ized (for example, ISavage et al.l 
120021 ; iProchaska etaT]|2004l ) . 



We also note that IChen et all (|200lh discovered ~ 
100 kpc haloes in low redshift galaxies that appeared as 
Civ absorption. In their picture, galaxies have haloes that 
become more rarefied and ionized with increasing radius. 
So, the inner regions of galactic haloes would contain high 
density absorbers, such as those associated with Mgn, while 
the outer regions of would produce Civ. The inferred size of 
Cloud B (83^36 kpc) in our favoured photoionized model, is 
of the same order as their extended haloes. Since the den- 
sity of Clo ud A already sugge sts that it is associated with a 
galaxy, the lChen et alj (|200ll ) scenario would present a uni- 
fied framework for interpreting the system: Cloud A is an 
overdensity in the inner halo of a galaxy, containe d in Cloud 
B, the outer halo. However, the lChen et al. (2001) study was 
for L» galaxies, which should have been detected if present. 
For this scenario to apply, the galaxy involved would have 
to be of lower luminosity. 

In short, for this system, Cm coincides with both 
Mgn and Civ phases. However, neither Cloud A nor Cloud 
B seem to be complet ely typical Cm absorbers in the 
IDanforth fc Shulll (|2008l ) samples. Instead, typical Cm ab- 
sorbers would have conditions intermediate between Cloud 
A and Cloud B. This implies that Cm actually traces sev- 
eral distinct phases of the IGM, and Cm absorbers are not 
a homogeneous population in terms of underlying physical 
conditions. 
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Figure 6. Our favoured two cloud model of the z = 0.0777 ab- 
sorber towards PHL 1811, as it would have appeared at z = 1.0. 
As in Fig. [l] cloud A is solid and cloud B is long-dashed, with the 
total absorption as the dotted line. For comparison, the actual 
low-2 spectrum is also shown. 



4-3.2 Analogs at z ~ 1: Civ and Ovi 

More information about galactic absorbers and their phys- 
ical conditions is available at higher redshift, because the 
lines are redshifted into more convenient wavelengths. Since 
the photoionizing background changes with redshift, becom- 
ing more intense at high z, we should not expect that the 
system would look the same at * ~ 1. To compare the sys- 
tem at z = 0.0777 towards PHL 1811 with z ~ 1 systems, we 
used Cloudy to produce a simulated spectrum at z = 1 given 
the same physical conditions. We used our favoured model 
(log U = -3 and IogZ = -1 for Cloud A and log [7 = -1 
and logZ = — 1 for Cloud B) at z = 0.0777 as the base- 
line. Density, size, metallicity, and abundance were kept the 
same. However, the cloud was subject to the z = 1 Haardt & 
Madau spectrum, so that both the resulting ionization pa- 
rameter and background ionizing spectrum were different. 
The z ~ 1 model was in photoionization equilibrium, as was 
our favoured model. 

We show the simulated z ~ 1 spectrum in Fig. [6] 
Cloud A, the denser component, appears as absorption in 
Hi, Ciii and Civ. The Sim absorption remains, but has 
grown weaker. Similarly, the higher order Lyman series lines 
are also weaker. There is also some very weak Si IV absorp- 
tion. However, the Cn absorption has disappeared entirely. 
At z ~ 1, then, Cloud A does not display low ionization 



lines but remains a Cm absorber. Cloud B, the less dense 
component, is only weakly detected, and only in Lya and 
Ovi absorption. The Ovi absorption has about the same 
strength as at z = 0.0777, but the Lya line has nearly van- 
ished (compare with Fig. [TJ, because more of the hydro- 
gen has been ionized. According to our simulated spectrum, 
Cm absorption would still come from the same phase as the 
denser Cm clouds at z ~ 0, those like cloud A. However, at 
high redshift, higher ionization clouds like Cloud B would 
cease displaying Cm. Not only does Cm appear to come 
from several different phases at low redshift, but the set of 
phases it traces changes with redshift. This will complicate 
studies of Cm that span a large range in z. 

Systems with similar spectral features are known to be 
associated with galaxies at z ~ 1. Again, Civ and Mgn are 
commonly used tracers of highly ionized and moderately ion- 
ized gas. Cloud A, with a predicted radius of hundreds of 
parsecs, and a predicted density of ~ 0.001 cm~ 3 , is compa- 
rable to the inferred sizes and densities of z ~ 1 high ioniza- 
tion Civ clouds. Furthermore, at z ~ 1, while high ionization 
clouds do occur without low ioniz ation clouds at the sam e 
velocity, the converse is rarely true l|Milutinovic et al] [2006'). 
Clouds with the same physical conditions as these z ~ 1 are 
expected to manifest as Mgl l , Cll, and Sill absorption at 
low redshift iNaravanan et all |2005l) . Indeed, Cloud A does 
show Cll absorption at low redshift, just as Civ absorbers 
at z ~ 1 are expected to. 

There are clear differences between this system and 
typical single cloud weak Mgll absorbers at z ~ 1. The 
z ~ 1 absorbers are often found, with photoionization mod- 
elling, to have smaller sizes and higher densities than any of 
the clouds in the z = 0.077 7 syste m towards PHL 1811. 
iRigbv. Charlton, fc Churchilll (|2002h constrained the iron- 
rich weak Mgll absorbers to have low ionization parameters, 
high density (~ 0.1 cm -3 ), and thicknesses of only ~ 10 pc 



jRigbv et alj|2002h . Those absorbers with little iron, like 
the z = 0.0777 absorber towards PHL 1811, were less well 
constrained, with sizes that could be larger than 10 pc and 
densit ies that could be lower than 0.1 cm" 3 . [Charlton et al.l 
(2003) inferred depths of 0.1 to 100 pc, with average den- 
sities near 0.01 cm -3 . In comparison, the predicted density 



of 



0.001 cm for our favoured model for Cloud A is 



quite small, and its size of 420li 33 i Q pc is large. Based on the 
inferred physical conditions of Cloud A and its predicted ab- 
sorption at z ~ 1, we expect that Cloud A would have been 
a Civ absorber at those times, possibly of the same kind 
that envelops Mgll absorbers at that redshift. However, it 
woul d not have been a weak Mgll absorber at z ~ 1. 

INaravanan et all l|2005l) . however, note a problem with 
Civ phases at z = 1 becoming lower ionization phases at 
z — 0. Because W / r (2796) increases with time for a given 
system, more weak Mgll absorbers would be expected to be 
detectable at present. Their survey of Mgll analogs, based 
on Cll and Sill lines, suggests that dj\f jdz ~ 1 for weak 
Mgll absorbers at z = 0. This implies that they are more 
rare in the present than in the past. Since high ionization 
phases are expected to contribute more z ~ Mgll ab- 
sorbers than low ionization phases, this suggests that the 
objects producing the Civ phases seen at z = 1 are evolving 
away by z ~ 0. This could be because weak Mgll absorbers 
may be persistent but shedding their high ionization ma- 
terial with time, or because the high ionization phases are 
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transient and are being regenerated less often in the present. 
However, our modelling of the system at z — 0.0777 towards 
PHL 1811 suggests that at least a few of these high ion- 
ization clouds survive to (or continue to be formed in) the 
present. 

On the other hand, if cloud A corresponds to the high 
ionization phase found in weak Mgn systems, then what is 
cloud B? Cloud B appears to be still larger, less dense, and 
even higher ionizatio n. It seems to be another phase beyond 
those considered by IMilutinovic et alj (|2006h . enshrouding 
the Civ components. At high redshift, this phase may be 
visible in Ovi or Lya. It may be some kind of photoionized 
WHIM in which cloud A and any host galaxy is embed- 
ded, as discussed in ij4. 1 1 This sce nario is consi s tent w ith 
photoionization modelling done by IZonak et all (HOOD) on 
the system at z = 1.04 on the PC 1634+706 line of sight. 
That system is a 'multicloud weak Mgn absorber', with low 
ionization Mgn clouds, intermediate ionization Si ill clouds, 
higher ionization Si IV clouds, and still higher ionization 
broad Ovi components (|Zonak et alj|2004h . If the Siiv com- 
ponents at the same velocity as the Mgn components are 
from a separate phase, then the Siiv clouds are best fit with 
sizes of several kiloparsecs, resembling Cloud A (|Zonak et alj 
l2004h . However, the broad Ovi and Lya absorption in that 
system is fit by clouds with sizes of 12 kp c and 257 kpc, com - 
parable to our predictions for cloud B (|Zonak et al.ll2004l ). 
Our (log U — —1.0, log Z — —1.0) model produces the small 
detected Ovi absorption feature from cloud B. Compared 
with c loud B, the Ovi absorption is stronger in lZonak et al.l 
(2004) with W r being a factor of ~ 2 — 3 times greater for 
each of their Ovi clouds, because those clouds had greater 
total column de nsity, as well as hig her metallicity or ioniza- 
tion parameter (|Zonak et alj|2003) . 

4-3.3 The environments of Cm and other metal line 
absorbers 

iRosenberg et al l <|2003h studied a pair of sightlines that pass 
through the Virgo Cluster, 3C 273 and RX J1230.8+0115. 
They found several Lya absorbers at the redshift of the 
Virgo cluster, with ionization parameters of log U ~ —2.8, 
conditions similar to those for weak Mgl l absorbers, and 
detec ted weak Cn and Sill absorption (jRosenberg et al.l 
2003). Photoionizat ion modelling implied sizes of a few 
tens of kiloparsecs (Ros enberg et al]|2003h . None the less, 
absorbers were found to be 'correlated' between the 
sightlines, though the s eparation was n e arly 350h~ 1 kpc 
|Rosenberg et al J l2003h ■ IRosenberg et all ( 2003) were scep- 
tical that the absorbers were part of 'contiguous' filaments, 
because of velocity dispersions within the Virgo cluster and 
because the absorbers on the two sightlines were not iden- 
tical. They also found that only one of the absorbers, the 
v = 1589 km s" 1 sy stem towards 3C 273, could be associ- 
ated with a galaxy (Rosenberg et al. I l2003h . So, they sug- 
gested a scenario in which the absorbers were part of dif- 
ferent overdensities in the same large scale structure. The 
overdensities could be from dwarf winds, though this expla- 
nation requires a large a mount of initial Hi gas in the dwarfs 
l|Rosenberg et alj|2003j ). This appears to be a similar situ- 
ation to the z = 0.0777 system on the PHL 1811 sightline, 
which is embedded in known large scale structure filaments, 
near several galaxy clusters, but has no identifiable host. 



When consid ering single cloud weak Mgll absorption 
systems at z < 1, IMilutinovic et ah! (|2006h use a statistical 
argument to show that the high ionization Civ phases are 
identified with the lOO/i" 1 (L/L s ) - 5 kpc Civ (W r (1548) > 
0.1 A) haloes seen around bright galaxies (IChen et al.ll200l"h . 
Our favoured model of the system at z = 0.0777 on the 
PHL 1811 sightline argues against this conjecture, at least 
as applied to z = 1 Civ absorbers. Cloud A seems to be a 
descendant of the high ionization phase surrounding weak 
Mgll absorbers seen at z ~ 1, corresponding to Civ clouds 
with sizes of order a half a kpc. On the other hand, cloud B 
is probably a C IV cloud (at z ~ 0) with a size of tens of kpc, 
simila r to the size of the C IV haloes inferred by IChen et al.l 
(|200ll ). Cloud B, therefore, its elf seems to be re miniscent 
of the Civ haloes described in I Chen et al.l (|200ll ) - yet, at 
z ~ 1 with more intense ionizing radiation it would be an 
Ovi absorber. So, the higher ionization Civ phases seen in 
weak Mgll absorbers at high redshift, which are similar to 
Cloud A, may not be the Civ haloes at low redshift, which 
are similar to Cloud B. Instead, the Civ absorbers seen at 
z ~ 1 (similar to Cloud A) may be overdensities in relatively 
spherical haloes (including Cloud B). Alternatively, the large 
Civ haloes may be large scale structure associated with the 
host galaxies of more compact absorbers, like cloud A, or 
denser, filamentary Civ absorbers at z ~ 1. 



5 CONCLUSION 

We have modelled the z = 0.0777 Cm absorption system 
towards PHL 1811 in order to derive its physical conditions 
and to compare to other classes of absorbers. We find the 
system to be best fit by two photoionized Cm clouds, sep- 
arated by ~ 35 km s _1 , with log Z ~ —1: Cloud A, with 
log U ~ —3, which also gives rise to Sim and weak Cn ab- 
sorption, and Cloud B, with log U ~ —1, which also gives 
rise to weak Civ and Ovi absorption (see Fig. [TJ. These 
parameters are constrained to within ~ ±0.25 dex. Pho- 
toionization models explain these two clouds better than 
collisional ionization models, both because they can simul- 
taneously produce all observed metal line transitions and 
because collisional ionization models have very short cool- 
ing times. 

For our favoured model, cloud A has a density of 
n e = 1.2±°;§ x 10~ 3 cm* 3 and a thickness of 0A±°l kpc. 
If we had coverage of the appropriate wavelength range, we 
would expect to observe weak Mgll absorption from this 
cloud, with VK r (2796) ~ 0.03 A. We predict with a pho- 
toionization model (in Fig. [©J that, had it existed at z ~ 1, 
Cloud A would have appeared as Cm, Sim, and Civ ab- 
sorption, while cloud B would have been an Ovi absorber. 
Despite its identity as a weak, low ionization absorber at 
low redshift, Cloud A has a lower density and large size 
than the large population of weak low ionization absorbers 
studied at z ~ 1 through Mgll absorption. The Cloud A 
properties are similar to those of Civ absorbers (without 
detected low ionization) at z ~ 1, but the decreased extra- 
galactic background radiation at low redshift leads to a shift 
towards a lower ionization state. Cloud B has a density of 
n e = 1.2±o.5 x 10~ 5 cm" 3 and a thickness of 80125 k P c > 
suggesting that it may be analogous to Ovi absorbers at 
z ~ 1. 
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Physically, we suggest that the two Cm clouds in this 
absorber are significantly condensed regions, with cloud A 
(overdensity 8 ~ 5000 to within a factor of 2) in some way 
related to a galaxy environment, and with cloud B (over- 
density 8 ~ 50 to within a factor of 2) embedded in the 
large scale structure. The two clouds are different phases 
of the IGM. Neither seems typical of Cm absorbers: Cloud 
A sho ws the rarer Ch, while C loud B shows Civ and Ovi, 
which iDanforth fc Shulll \ 200a ) argues is from a different 
IGM phase than Cm. We conclude that Cm absorbers in 
general represent several IGM phases, including the two 
phases of our system. 
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